Objective: The aims of this study were to assess the nutritional status and nutritional adequacy of among attendees seeking consultation at the National Trauma Center, Oman, for the sequel of traumatic brain injury (TBI). Method: Anthropometric measurements (weight, height, body mass index, skinfold thickness) were estimated using standard protocol. Dietary intake was assessed by using "24 -Hour recall method". Nutritional status and nutritional adequacy were analyzed electronically using a computer program (super tracker) to assess the adequacy/inadequacy of micronutrients.
Introduction
with disability and the resultant reduced quality of life due to TBI [6] . In countries of the Arabian Peninsula, TBI is a rapidly growing problem, closely paralleling the rapid economic development. The incidence of motor vehicle accidents and TBI has been progressively increasing in Gulf Cooperation Council (GCC) countries, and the figures are quite alarming, particularly in Oman [7] .
Patients
The Ethics Committee of our Institution approved this study and patients' written informed consent was obtained (MERC/11/03).
This study was conducted in an outpatient neurosurgery clinic at Khoula Hospital (National Trauma Center) -Muscat -Oman from February 2014 to February 2015. Seventy seven TBI patients aged 18 -65 years, males and females. TBI is defined here as an injury to brain tissues caused by an external mechanical force as evidenced by a loss of consciousness, post-traumatic cognitive and behavioral changes or an objective neurological finding that can reasonably be attributed to the TBI on a physical or cognitive and behavioral status examination. Patients were invited to participate in an anonymous survey and interview to be detail below. This invitation was extended during routine outpatient visits or outpatient stay.
Informed consent was obtained. The exclusion criterion included pre-injury psychiatric or neurological history other than those resulting from a TBI. In addition, non -Omani patients and those who were known to have sensory or cognitive impairments that would preclude completion of the protracted assessment were excluded from the sample. The presence of cognitive impairment gauged using the Montreal Cognitive Assessment (MOCA) [22] , it assesses different cognitive domains: attention and concentration, executive function, memory, language, visuoconstructional skills, conceptual thinking, calculations, and orientation. The present study include patient whose score on MOCA fall within 18-26. This is conventionally view as presentation of 'mild cognitive impairment [23] . Six subjects were excluded from the study due to incomplete 24-hour recall questionnaire ( Figure 1 ).
Demographic information, including age, sex, education level, marital and smoking status were collected using a structured questionnaire. Weight was measured in kilogram to the nearest 0.1 kg using a digital weighing scale (Seca 208, Vogal and Halke, Germany) Height was measured to the nearest 0.5 cm by using a stadio meter protocol adapted from Lohman and colleagues [24] with a vertical measuring scale fixed to a metal bar connected to weighing scale. For patients who were unable to stand, height was estimated by using knee height equations as "stature = 85.10 + 1.73
x knee height -0.11 x age" for men, "stature = 91.45 + 1.53 x knee height -0.16 x age" for women [25] , and by ulna length for males, height (cm) = 4.605U+1.308A+28.003, and for females, height (cm) =4.459U+1.315A+31.485 [26] , and by demi-span for Males: height 
Demographic characteristics
cytokines (IL1, IL6, TNF-α), and acute phase protein production [9] have also been reported in TBI. Such pathological changes are likely to impact on alimentary system. Excessive protein breakdown as a result of hyper catabolism stimulated by pro inflammatory mediators and catecholamine are also common features of TBI. Protein catabolism appears to peak 8-14 days after injury and appears to be related to injury severity [10] . Therefore, discussion on the issues of nutritional status among TBI patients comes to the forefront. Inadequate nutrition support for TBI patients may result in malnutrition and muscle wasting [10] . This cachexia increases the duration of rehabilitation and length of hospitalization, increases difficulties in mobility, functional rehabilitation, and promoted the development and exacerbation of medical complications [11] as well as neurobehavioral impairments. To prevent the catabolic state and breakdown of muscle protein as a result of increased energy demands, accurate assessment and estimation of the caloric needs of TBI patients is a critical component in providing adequate nutritional support.
With multiple injuries, hyper metabolism increases in a variable degree, and some studies [12] [13] [14] have reported that the mean resting rate increases by 117%-175% of the healthy resting rate. After 2-3 weeks of injury, 120-145% of energy expenditure is required for TBI patients [15] [16] [17] [18] [19] [20] . Furthermore, it was reported that adequate calories intake are essential for reducing squalea of TBI [21] .
Delayed or persistent, drastic underfeeding of TBI patients could heighten the disability incurred. Nutritional status of TBI patients has been reported in some population around the globe and there is lack of reports in emerging economies like Oman. Alluded earlier, Oman has a high number of TBI. In order to fill the gap in the literature, we have conducted this cross-sectional study aimed to (i) evaluate the nutritional status and macronutrient adequacy and (ii) assess the effect of severity of the trauma on nutrient intake among patients with TBI attending only dedicated Trauma Center in Oman. The mean height of the three measurements was considered in calculations. Body Mass Index (BMI) was calculated as weight in kilograms divided by height in meters squared, i.e. BMI = wt.
Methods
(Kg) /ht (m 2 ) and the cutoff points of the World health organization were used [28] . Energy (Kcal), carbohydrate (gm), protein (gm), fat (gm) and fiber (gm) intakes were assessed by an expert dietitian by using the 24 -hour recall method [29] through faceto-face interview with each subject. Household utensils with different portions of common foods were used to assist the patients to report accurately and to check for an estimation of consumed foods. Food intake was analyzed electronically using electronic program (super tracker) [30] . The percentage of carbohydrate, protein, and fat was calculated as calories of each nutrient divided by the actual energy intake. Energy and protein adequacy on age and gender specific were calculated as the actual intake divided by Recommended Daily Allowances (RDA) [31] .
Nutritional status
Nutritional status of all subjects was assessed by using "Malnutrition Universal Screening Tool" (MUST) [32] and classified as: no risk, moderate risk and high risk of malnutrition when MUST score was 0, 1 and ≥ 2 respectively.
The effect of trauma severity on nutrients intake among patients with TBI
The participants in the present study were deficient in fiber and macronutrient intakes. The mean intake of macronutrients and fiber were significantly lower than the recommended allowance (RDA) Figure 2 . Our findings showed that the severity of trauma exhibited a negative impact on energy and protein intake (p<0.001 and <0.0001 respectively) ( Figure 3 and Figure 4 ).
Level of disability
Glasgow Coma Scale (GCS) was used to classify the severity of trauma, as mild when GCS ≥13, moderate when GCS between 9 -12 and severe when GCS ≤ 8 [33] .
Statistical analysis
Graph Pad Prism (version 6.0) was used for statistical analysis. Means and standard deviations (using t-tests for two means, one way ANOVA was used to compare between groups), two sided statistical significance was set at α ≤ 0.05 and Proportions were compared by using chi-square test.
Results

Patient demographics and clinical characteristics
From February 2014 to February 2015, 71 patients in the age group 18-65, with a mean age of 27.3 years that fulfilled the eligibility criteria were enrolled in the study. The majority of patients were males (61-85.9%) and (10 -14.1%) were females, with 6.1:1 male to female ratio. Most of the patients (75%) were aged between 18-30. 46.5percent of subjects were classified as mild TBI while 12.7% and 40.8% were classified as moderate and severe TBI respectively using Glasgow Coma Scale. Motor vehicle accidents were the most common cause of TBI (91.7%), followed by falls from height (8.3%).
Nutritional and macronutrients status of TBI patients
Half of the subjects were at high risk of malnutrition (50.7%) while 12.7% and 36.6% were at moderate and no risk of malnutrition respectively. 28.1% of patients were underweight, while 16 .9% and 7.1% were overweight and obese respectively.
The mean total energy intake (kilocalories) and macronutrients (as a percentage of totals energy) including protein, carbohydrate, and dietary fiber were compared with the recommended dietary allowances [29] . The proportion of the nutrient intakes below an acceptable range of RDA was used for inadequacy determination [48] . The participants mean intake was significantly lower in total energy by (30.2%), carbohydrate by (43%), protein by (24.8%) and fiber by (54.1%), p<0.000. Figure 2 , compared with recommended dietary allowances [31, 32] . 
Discussion
Epidemiological studies have been suggesting that globally, the most common cause of death and disability in young individuals under the age of 45 years is due to TBI [42] . Triggered hyper-metabolism and catabolism have been associated with the pathobiology by TBI. Total energy expenditure, catabolism and gastrointestinal intolerances have been shown to be increased during the early post injury period in TBI patients [45] .
As well, dietary intake may be reduced, due to reductions in appetite sensation, and may be likely due to changes in the levels of cytokines, glucocorticoids, insulin and insulin-like growth factors.
Pre surgery fasting, gastro paresis, and medication interactions may lead to dysphagia and gastrointestinal intolerance, impeding the ability to meet nutrition requirements in patients with TBI [40, 41, 49] .
Hyper metabolism, protein catabolism and altered gastrointestinal functions were reported to be common in TBI patients [34] [35] [36] . This is due to the increased release of catecholamine and cortisol [31, 32] , capable of releasing a cascade of neurochemical activities leading to increased nutritional demands [57] . This alteration in the demand for food intake could be one of the critical etiological factors that lead to development of malnutrition and its related complications [44] .
Malnutrition is a common and dangerous health problem and it can be defined as inadequate and/or imbalanced nutritional intake, with adverse effects on physiological function and clinical outcome [43] . Moreover, protein-energy malnutrition (PEM) often occurs due to nutritional support insufficiency. The main signs of PEM are depletion of muscles, body fat and visceral protein stores.
The trajectories of PEM has negative repercussion including rendering TBI patients with higher length of stay (LOS), increased morbidity and mortality rates along with social consequences [46] . Bernstein., et al. 1995 [47] and Mears., et al. 1996 [48] reported that 30-50% of TBI patients suffer from PEM. Studies suggest that that prevalence of poor nutritional status in TBI patients is high.
Therefore, this study has embarked to assess the nutritional status in TBI patients National Trauma Center in Oman.
Our results showed that 63.4% of TBI patients were at moderate to high risk of malnutrition, which corroborates with previous reports [35, 38] . Deutsenman., et al. 1986 [35] and Hynes., et al.
1992 [38] reported that 58% of TBI patients were below their ideal weight, and provides further evidence for the presence of malnutrition in these patients. Brooke., et al. 1989 [37] , reported that 60.4% of TBI patients have a body weight of less than 90% of ideal weight [39] . Similarly, Krakau., et al. 2007 [40] found that 68% of TBI patients were malnourished within two months of TBI, according to the Malnutrition Universal Screening Tool (MUST) criteria.
Another study showed that 76% of TBI patients showed progressive increase of malnutrition [41] .
TBI patients were usually in a catabolic and hypermetabolic state. The severity and type of injury correlated to the degree of catabolic state, as categorized by Glasgow Coma Scale (GCS) score, which ranges from 15 (fully conscious) to 3 (near death) [19] . We found that 40.8% of the patients enrolled in our study were under severe TBI status, which is supported by Krakau., et al. 2007 [40] .
They reported that 50% of the enrolled patients in their study were within the lowest range of GCS (3 to 5) which represents severe TBI. Another study also showed that there is a significant association with poorer admission, and the clinical features of malnutrition in TBI subjects [41] .
Our results showed that protein intake was deficient (24.8%) and varies as per severity of injury in TBI patients (p <0.0001).
Protein intake of TBI subjects could be below the recommended daily intake, which is based on the severity of injury [53] . Dietary guidelines of energy intake for total and saturated fat recommends no more than 30% of calories from fat intake, and no greater than 7% of calories from saturated fat intake [54, 55] . We found that the mean percentage of energy from total fat intake was within the recommended range (26.62%) along with higher saturated fat intake (9.3%). Tomey., et al. 2005 [54] reported that the mean percentage of energy from total fat and saturated fat was 36.2%. Moussavi., et al. 2001 . Reported that 36.7% of calories was derived from fat intake was in participants with spinal cord injury [56] . Both studies corroborate with our current findings.
Generally, the mean recommended dietary intake of fiber is 38 g/d for men and 25 g/d for women [54] . The mean fiber intake in our patient cohort was significantly below (17. [54] reported similar findings in their study population.
These changes in food consumption were similar to changes to the general population in other developing countries [51, 52] . Furthermore, they recommended to nutritional education sessions to improve fiber intake by focusing on high -fiber breakfast cereals and encouraging regular consumption of fruits and vegetables.
Conclusion
Traumatic brain injury patients enrolled in our study were malnourished and or at high risk of malnutrition. Herein, we have shown that the balance of macronutrients was shifted toward fat intake, while energy, protein and fiber intake were significantly 
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